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Albumin and transferrin synthesis are increased in H4 cells by
serum from analbuminemic or nephrotic rats
XIHUA SUN and GEORGE A. KAYSEN
Renal Biochemistry Laboratory, Department of Medicine, Division of Nephrology, University of California Davis School of Medicine, Davis,
and Department of Veterans Affairs Northern Ca1fornia System of Clinics, Pleasant Hill, Caltfornia, USA
Albumin and transferrin synthesis are Increased in H4 cells by serum
from analbuminemic or nephrotic rats. The hepatic synthesis of several
proteins, including both albumin and transferrin is increased in the
nephrotic syndrome. While active suppression of albumin synthesis by
lymphokines has been described, it has been assumed that augmenta-
tion of albumin synthesis is governed by a physical factor, plasma
oncotic pressure (IT), and that this regulation is by a direct effect of iron
hepatocytes. The mechanisms have not been defined. Furthermore,
experiments relying on suppression of protein synthesis may only test
non-specific inhibitory effects of the experimental intervention. We
tested an alternative hypothesis that a serum factor(s) present in
hypooncotic states stimulates albumin synthesis. We incubated an
immortalized cell line derived from rat hepatocytes (H4 cells) with
serum from Nagase analbuminemic rats (NAR) and rats with passive
Heymann nephritis (HN), a model of the nephrotic syndrome. Synthe-
sis (incorporation of [35S}methionine) into both albumin and transferrin
was increased significantly. The stimulatory effect of these sera was not
extinguished by addition of rat or human albumin to the medium prior
to or during incubation, even when ir in the incubation medium was
increased to normal plasma levels by added albumin. Incorporation of
[35S]methionine into albumin was 7841 394 cpm/mg cell protein using
10% NAR serum in the presence of human albumin (medium ir 26.1
0.17) versus 5149 420 cpm incorporation (P < 0.05) in the presence of
control serum and in the absence of added albumin (medium ir 2.06
0.26 mm Hg, P < 0.001). The stiniulatory activity was preserved
following heating of serum for one hour at 60°C. These observations
suggest that albumin and transferrin synthesis is stimulated by a heat
stable factor found in serum when plasma ir is reduced, rather than as
a consequence of the interaction of ir directly with the hepatocyte.
Albumin synthesis is stimulated under conditions when
plasma iris reduced, such as in the nephrotic syndrome [1—3] or
following plasmapheresis [41, and is reduced below basal levels
by protein restriction [5, 6] or the acute phase response [7—9].
The latter is mediated by lymphokines [10—12]. When albumin
synthesis is increased in the nephrotic syndrome it is regulated,
at least in part, at the transcriptional level [2, 13] and requires
adequate levels of dietary protein [3].
Basal levels of albumin synthesis require the presence of
several hormones, specifically insulin [14, 15], thyroid hormone
[16], growth hormone [17, 18] and glucocorticoids [19]. All are
necessary to maintain a normal basal rate of albumin synthesis,
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but supraphysiological concentrations of insulin or growth
hormone do not lead to a further stimulation in the rate of
albumin synthesis. There is no evidence that increased plasma
levels of any of these hormones or of any other known mediator
play any physiologic role in effecting the increase in albumin
synthesis that occurs following reduced plasma ir.
The mechanism whereby albumin synthesis is increased as a
consequence of reduced plasma ir is not known. It is unlikely
that proteinuria plays a role in causing increased albumin gene
transcription in the nephrotic syndrome, since transcription of
the albumin gene is increased in rats with hereditary analbu-
minemia [20] even though they have no urinary protein loss.
Albumin mRNA synthesized in these animals is improperly
spliced due to a 7 nucleotide deletion in the MN intron [21, 22],
does not enter the cytoplasm, and is not translated. The animals
therefore have very low levels of albumin in plasma, reduced
plasma ir, but albumin gene transcription is nevertheless in-
creased [20]. Plasmr transferrin levels are also increased in
these animals as is the rate of synthesis of that protein [23].
Rothschild Ct al. [24] and Mathews [4] postulated that albu-
min synthesis was regulated by the irof the hepatic interstitium,
suggesting that ir directly affected hepatocyte function. Exper-
iments designed to show that increased ir in isolated hepato-
cytes in culture depresses albumin synthesis are confounded by
the problem that one is attempting to measure suppression
rather than stimulation of protein synthesis. It is always possi-
ble that the suppressive effect of added exogenous albumin may
be toxic or non-specific. In preliminary experiments we found
that when albumin synthesis was suppressed by increased
albumin in the extracellular medium, albumin synthesis corre-
lated inversely with LDH release, suggesting a toxic rather than
a physiologic suppression of protein synthesis. We therefore
tested an alternate hypothesis, that serum from hypoalbumine-
mic rats, rats with experimentally-induced nephrotic syndrome
or rats with hereditary analbuminemia, the Nagase analbumin-
ernie rat (NAR), would stimulate albumin synthesis by isolated
hepatocytes.
We chose to study serum from NAR as well as serum from
nephrotic rats in order to exclude an effect of proteinuria and
because the synthesis of a group of hepatic proteins, including,
fibrinogen [25, 26], apo A-I [27, 28], and transferrin [29, 30] are
increased in both the nephrotic syndrome and in analbuminemic
rats [23, 28, 31].
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Methods
The experimental protocols were designed to determine
whether serum from analbuminemic or nephrotic rats would
stimulate either albumin or transferrin synthesis in cultured rat
hepatocytes compared to serum from normal rats.
Animal models
Sprague-Dawley rats were obtained from Bantin Kingman
Farms (Fremont, California, USA) and kept in temperature
regulated, standard 12 hour light/dark cycled rooms. These
animals were used both as controls (SD) and for production of
rats with an experimental model of the nephrotic syndrome,
passive Heymann nephritis [321 (HN) described below.
Nagase analbuminemic rats (NAR). Rats with hereditary
analbuminemia were raised in our own colony, originally de-
rived from a colony of Nagase analbuminemic rats donated to
us by Dr. S. Nagase. Breeding methods have been previously
described [33],
Nephrotic rats. Male Sprague-Dawley rats, 150 to 250 g, were
injected intraperitoneally with the sheep antiserum to fraction
FXIA, an insoluble component of the glacocalyx prepared from
renal tubules (courtesy of Dr. William Couser, Seattle, Wash-
ington, USA) to induce passive HN as described previously
[31]. Eleven days after injection the animals were placed in
metabolic cages to collect urine to verify that the animals were
indeed proteinuric. Urinary protein was detected by addition of
sulfosalacylic acid (SSA). Prompt coagulation of the urine was
detected upon addition of SSA to the urine of all animals
designated as nephrotic.
Three animals from each experimental group were weight and
age matched, anesthetized with intraperitoneal pentobarbital
sodium (20 mg/kg for HN, 50 to 60 mg/kg for NAR or SD) and
exsanguinated by aortic puncture for collection of blood. The
blood was allowed to coagulate and the clot was removed by
centrifugation. The serum was then filtered (Gelman Sciences,
Ann Arbor, Michigan, USA) and used as described above.
Albumin, total protein and ir were measured in the pooled
samples.
Protocol 1. Effects of NAR and HN serum on albumin and
transferrin synthesis by H4 cells
Rat H4 cells were cultured on plastic in DMEM (Dulbecco's
Modification of Eagle's Medium) medium supplemented with
10% calf serum in a 95% CO2 incubator. They were passaged
every two days. Equal numbers (2 x 106) of cells were seeded
in each well of six-well tissue culture plate (Becton Dickinson
Labware, Lincoln Park, New Jersey, USA) and allowed to
reach confluency. The cells were then washed with 1 X DPBS
(Dulbecco's phosphate buffered saline, pH 7.4) and incubated
with fresh medium containing serum obtained from SD, NAR or
HN rats. For each kind of serum, we chose a final concentration
in medium of 10% serum. After 1 to 15 hour's preincubation, 20
pCi [35S] methionine (Amersham Corporation, Arlington
Heights, Illinois, USA) was added to the medium for another
five hours. The medium was then aspirated and the cells were
then washed three times with iced (4°C) DPBS. Incorporation of
[35S] into albumin, transferrin and total protein in cells were
then determined as described below. It was not possible to
immunoprecipitate these proteins from cell medium in sufficient
quantities to make meaningful measurements because of the
large excess of unlabeled serum proteins in the culture medium.
Each experiment compared the effect of pooled serum from
three SD to that of three HN or three NAR and was carried out
in duplicate or triplicate. Each experiment was performed with
a different set of pooled serums. Data from each experiment
were analyzed as the mean of duplicated or triplicated measure-
ments of 35 incorporation into each protein. We determined
albumin [1, 341, total protein [35] and inn 10 samples of serum
used for these experiments before pooling.
Protocol 2. Effect of mixing normal serum with
analbuminemic or nephrotic on the stim ilatory effect of
analbuminemic or nephrotic serum on albumin synthesis
While the results of protocol 1 might be interpreted as
suggesting that serum from either nephrotic or analbuminemic
rats stimulated albumin synthesis in 114 cells, it might also be
possible that serum from normal Sprague-Dawley control ani-
mals contained an inhibitor of albumin synthesis. For this
reason we determined the effect of combining serum from
normal SD control animals with that of serum from either HN
or NAR. Fourteen experiments were performed using 20%
normal SD control serum, four experiments were performed
using 10% control serum combined with 10% HN serum, four
experiments used 10% control serum combined with 10% NAR
serum, six experiments using 5% control serum combined with
15% NAR serum, six experiments using 5% control serum
combined with 15% NAR serum, six experiments using 20%
HN serum, and six experiments using 20% NAR serum.
Protocol 3. Effect of adding exogenous albumin to the
stimulatory effect of analbuminemic and nephrotic serum on
albumin and transferrin synthesis by H4 cells
This experiment was conducted to determine whether the low
albumin levels in NAR and HN serum were responsible for the
increased albumin and transferrin synthesis by H4 cells ob-
served in protocol 1. The same experiments as above were
repeated with the addition of purified rat serum albumin (Sigma
Chemicals, St. Louis, Missouri, USA) to NAR or HN serum
sufficient to raise albumin concentration to levels found in SD
serum. This experiment was repeated four times, each time
either in duplicate or triplicate using separate pooled serum
samples for each experiment as above.
In addition to replacing albumin to normal levels we also
wanted to determine the effect of increasing albumin and inin
the culture medium to values normally found in plasma. We
found that 114 cells incubated in medium containing rat serum
albumin in concentrations of 30 mg/mI died. We therefore added
purified human serum albumin (Alpha Therapeutic Corpora-
tion, Los Angeles, California, USA) into culture medium con-
taining NAR serum calculated to raise the final albumin con-
centration to 45 mg/ml and oncotic pressure to 26 mm Hg.
Protocol 4. Effect of heat inactivation on the albumin and
transferrin stimulating activity of the sera
Having determined that albumin and transferrin synthesis
was stimulated by HN and NAR serum, independently of added
albumin, we carried out an experiment to determine whether
the activity was heat labile. Four experiments were carried out
Sun and Kaysen: Albumin and transferrin synthesis 1383
in the same way as above except that the pooled serum was
heated (60°C for 1 h) prior to addition into the culture media,
and 5 jsCi methionine in each well was used. Albumin synthesis
was determined as above.
Protocol 5. Characterization of hepatomegaly in NAR
Hepatomegaly occurs in both nephrotic rats and NAR. Liv-
ers from age and body weight matched six NAR and six normal
SD rats were weighed, and fresh tissues were used for deter-
mination of DNA [36] and total protein [371.
Protocol 6. Effect of NAR or HN serum on DNA and RNA
synthesis in H4 cells
Two x 106 cells were seeded into each well of six-well tissue
culture plates and allowed to reach confluency. After another 10
hour incubation, the cells were washed with PBS and incubated
with 1.5 ml of fresh media containing 10% serum of either
normal SD or NAR rats for 18 hours. Two Ci [3H] thymidine
(Amersham) or 1 pCi [3H] (uridine) was added for three more
hours. Following three washes with cold PBS 1 ml of 15% cold
TCA was added for half hour at 4°C and unprecipitable mate-
rials were removed by two washes with double distilled water.
0.5 ml of 1 N NaOH was added for 20 minutes at room
temperature and then 005 ml of 1 N HCI was added. The
resulting suspension was counted in a scintillation Counter.
Plasma i was measured with a micromembrane oncometer
using an Amicon YM1O semipermeable membrane (W.R. Grace
& Co., Danvers, Massachusetts) and a Viggo-Spectramed
transducer (Model P 10 EZ Viggo-Spectramed, Oxnard, Cali-
fornia, USA) using 10 j.d samples. Albumin was measured in
plasma or serum using an electroimmunodiffusion assay [35] as
described previously [33]. Rabbit anti-rat albumin was prepared
as previously described [32].
Measurement of protein synthesis
Cells from each dish were homogenized in 1.5 ml of lysis
buffer (10 m of phosphate buffered saline with 0.5% deoxy-
cholic acid and 0.5% NP-40) using a polytron homogenizer
(Kinematica, Luzern, Switzerland). The cellular debris was
removed by centrifugation at 12000 rpm at 4°C for one minute
(Damon CRU 5000 international Equipment Company, Need-
ham Heights, Massachusetts, USA). One ml aliquot of super-
natant was incubated with 50 1.d of washed Pansorbin cells
containing protein A (CalBiochem-Bering Diagnostics, San
Diego, California, USA) for 15 minutes at 4°C and centrifuged
for two minutes at 12000 rpm (Beckman-Microfuge 12, Beck-
man Instruments Inc., Palo Alto, California, USA). The pellet
was discarded and the supernatant incubated over night at 4°C
with either rabbit anti-rat albumin [21 or rabbit anti-rat trans-
ferrin antibody (Organon Teknika). The amount of antibody
used was determined by titration against a constant amount of
antigen. The antigen-antibody complexes formed were bound to
Pansorbin cells by incubating the 1 ml samples for one hour at
4°C with 0.1 ml of washed Pansorbin cells and centrifuged at
12000 rpm for two minutes. The pellet was washed with 1 ml of
lysis buffer three times and then dissolved in deionized water
and counted in a liquid scintillation counter (Searle Analytic
Co., Des Plaines, Illinois, USA). A 40 p1 aliquot of the
Table 1. Effect of serum from NAR, HN and SD rats on albumin,
transferrin and total protein in H4 cells
Albumin Transferrin
133S1 incorporation cpm/mg
Group protein Total protein
NAR 32600k 13013° 531475
N = 8 14636—48239 1882—16907 216527—840860
HN 39199 9886° 713026°
N = 8 17681—45616 1281—15250 458630—841370
SD 25544 8850 434653
N = 8 14363—35795 1220—12000 226845—677820
Values are means and range. Values represent incorporation of
[35S]methionine into albumin, transferrin or total protein after 5 hours
incubation with 20 sCi [35S]methionine. Cells were initially incubated in
10% pooled serum from 3 rats with hereditary analbuminemia (NAR),
passive Heymann nephritis (HN) or normal Sprague-Dawley control
rats (SD). Each experiment was conducted with separate batches of
pooled serum.
a P < 0.01 vs. counts incorporated by cells incubated in normal SD
control serum.
Table 2. Characteristics of serum used for incubation of H4 cells
Group
Protein Albumin Oncotic pressure
torrmg/mi
SD 59.2 284b 182b
N = 10
HN 58 91a,b 75a,b
N = 10 10.8
NAR 59.6 0.45° 15.1°
N = 10
Values are means SD.
a P < 0.01 vs. SD control
b P < 0.01 vs. NAR
remaining supernatant was used for the measurement of total
protein synthesis by TCA precipitation.
Statistics
Comparisons were performed using a one way analysis of
variance for normally distributed data (Protocols 2 to 6). When
data were non-normally distributed the Wilcoxon's matched-
pairs signed-ranks test was applied (Protocol 1 only). A P value
of < 0.05 was considered to be statistically significant.
Results
Albumin and transferrin synthesis were both greater in H4
cells incubated in the presence of serum from either NAR or
HN compared to SD (Table 1). Total protein synthesis was
significantly greater in cells incubated with HN serum, but not
in those with NAR serum. Although both albumin concentra-
tion and r in the sera used for incubation were reduced
significantly, total protein concentration was nearly the same in
all three groups (Table 2). The stimulatory effect of these sera
on both albumin and transferrin synthesis was not mitigated by
the addition of purified rat albumin sufficient to raise albumin
levels to supranormal values (Table 3; 50 mg/mI in the serum
prior to incubation and approximately 5 mg/mi in the culture
media, respectively). Indeed, addition of albumin tended to
enhance rather than suppress total protein synthesis in H4 cells,
but had no specific effect either on albumin or transferrin
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Group
([35S] incorporation cpm/mg cell protein
Incorporation into Incorporation into total
albumin protein
Albumin Albumin
Control added Control added
HN
N=4
NAR
N=4
SD
N = 5
54595 49950k l054500 l274900
56005k 45945 974000k 1272350
32451 ND 794680 ND
Final albumin concentration and iT in medium
Control Albumin added
Group albumin IT albumin
HN
N = 4
NAR
N = 4
SD
N = 5
l.0 0.8 5.4k 257b
005a,b 173b 53 35b
29b 21b ND ND
Values are means SD. Values represent incorporation of [35S]me-
thionine into albumin or total protein after 5 hours incubation with 20
sCi [35S]methionine in the presence of 10% HN, NAR or SD serum
with or without adding rat albumin to the serum prior to incubation to
a concentration of 50 mg/mI. Albumin and oncotic pressure were
measured in the final incubation medium and are reported as albumin
(mg/mI) and ir (mm Hg) measured in the final incubation medium.
a < 0.05 vs. SD
b P < 0.05 vs. HN during the control period
synthesis. Addition of human albumin to the culture media
containing NAR serum to a final calculated concentration of 45
mg/ml resulting in a IT of26.1 0.17 mm Hg, suppressed neither
albumin nor transferrin synthesis (Table 4).
The stimulatory effect of both NAR and HN serum remained
when the sera were mixed with serum obtained from normal
animals (Fig. 1), suggesting that albumin synthesis was stimu-
lated by a factor present in both NAR and HN serum, rather
than as a consequence of the reduction of a putative factor that
might inhibit stimulation of albumin synthesis that is normally
found in serum. Indeed, nearly all of the stimulatory effect of
both HN and NAR serum was present when only 10% of the
experimental serum was used, combined with normal control
serum. A small amount of further stimulation was evident at
15% or 20% experimental serum.
The capacity of NAR and HN serum to stimulate both
albumin and transferrin synthesis by H4 cells was not changed
by prior heating to 60°C for one hour (Table 5). Thus, the
activity is thermostable.
The livers of NAR rats were enlarged significantly. Both
DNA and protein cuncentration were the same as in SD livers
(Table 6). Thus, total hepatic DNA and protein were each
significantly increased, consistent with hyperplasia as the
mechanism of hepatic enlargement in these animals, in contrast
to nephrotic animals where hepatic hypertrophy provides the
mechanism for increased liver mass [25]. Both RNA and DNA
synthesis were increased in H4 cells when incubated by NAR
Group
([35S] incorporation cpm/mg cell protein
No added albumin Human albumin added
Albumin Transferrin Albumin Transferrin
NAR
N = 3
SD
N = 5
8201 6603 7841 74
5149 4122
Group
Final medium
Control Albumin added
albumin ir IT
NAR
N = 3
SD
N = 5
0.036a 1.7 26.la
2.94 2.06 ND
x
Co
a)0
0)WEEE
HN HA
Fig. 1. Effect of mixing serum from either normal control Sprague-
Dawley rats (SD) with serum from either rats with passive Heymann
nephritis (HN) or hereditary analbuminemia (HA) on albumin synthesis
by H4 cells. H4 cells were grown in either 20% serum from SD rats (a),
20% serum from either HN or HA rats (a), or either a mixture
containing 10% control and 10% experimental (HA or HN) () or 5%
control and 15% experimental serum (). P < 0.05 vs. 20% SD serum
serum (Table 7), suggesting that hepatic hyperplasia might also
be stimulated by a factor in the plasma of these animals. Serum
from HN also stimulated RNA synthesis in H4 cells, but not
DNA synthesis (Table 7).
Discussion
The nephrotic syndrome is accompanied by an increased rate
of albumin [1, 2, 24—26] and transferrin [29, 30] synthesis as well
Table 3. Effect of addition of rat albumin on the stimulatory effect of
HN and NAR serum on protein synthesis by H4 cells
Table 4. Effect of adding human albumin to culture medium
containing NAR serum on the synthesis of albumin and transferrin in
H4 cells
Values are means SD. (35S]incorporation into albumin or trans-
ferrin were determined following incubation with either 10% NAR
serum with or without addition of human albumin to the incubation
medium to a final concentration of 45 mg/mI and 5 tCi [35S]methionine
in each well. Oncotic pressure (ir — mm Hg) was measured in the final
medium and rat albumin was measured in the final medium in both
control groups (mg/mi).ap < 0.01 vs. SD
200
175
* **
150
125
100
75
50
25
0
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Table 5. Thermostability of albumin stimulated activity of rat serum
([35S] incorporation cpmlmg cell protein
Serum heated at
Group Unheated serum 60°C for 1 hour
SD 2030 2366N=6
NAR 3361° 3845°N6
HN 3185° 3267°
N=6
Values are means SD. [355] incorporation into albumin was
measured in the presence of 10% NAR serum that had either received
no pretreatment or had been heated to 60°C for one hour. Five sCi
[35S]methionine was used in each well. SD denotes incubation with
normal SD serum.
a P < 0.01 vs. SD unheated control
Table 6. Composition of NAR and SD livers
Group
Wt Liver Wt
g
Liver wt
g/IOO body wt
DNA Protein
mg/g
NAR 240 11.1° 5.Oa 21.20 218.3
N = 6
SD 245 9.6 4,0 20.0 226.6
N = 6 13.3
Values are means SD.
a P < 0.01 vs. SD control
as that of several other proteins secreted by the liver [25, 27,
28]. It has been postulated that the immediate stimulus for
albumin synthesis is reduced plasma or hepatic interstitial IT [4,
24]. Evidence for this is that processes that increase plasma IT
reduce the rate of albumin synthesis in rabbits [24] and pro-
cesses that reduce plasma IT, such as plasmapheresis [4], cause
albumin synthesis to increase. While analbuminemic rats syn-
thesize little albumin because of impaired processing of albumin
RNA [21, 22], the transcription rate of the albumin gene is
increased [20], also supporting a hypothesis that either reduced
plasma IT or albumin concentration initiates processes that
ultimately culminate in increased albumin synthesis. The rate of
synthesis of a group of proteins secreted by the liver is also
increased both in HN [25, 27, 28] and NAR [23, 28, 31],
suggesting that the effect of reduced plasma IT or albumin
concentration is not specific for albumin alone.
The rate of albumin synthesis has been generally observed to
correlate closely with urinary albumin excretion [1, 32]; how-
ever, the reason for this close correlation is that in the nephrotic
syndrome most of the albumin synthesized is lost into the urine
since albumin catabolic rate is decreased [1, 32, 34]. As a
consequence albumin synthesis must, at steady state, correlate
closely with urinary albumin losses. This observation does not
rule out the possibility that the nephrotic kidney stimulates
albumin synthesis indirectly by release of some substance
following the onset of proteinuria. That serum from NAR,
animals with no proteinuria, and HN have similar stimulatory
effects on H4 cells suggests that a renal hepatic signaling
mechanism either does not occur or is not required for augmen-
tation in albumin synthesis in the nephrotic syndrome. Further-
more, it is unlikely that stimulation of albumin synthesis by sera
Table 7. Effect of NAR and HN serum on DNA and RNA synthesis
in H4 cells
Group
[3H]thymidine incorporation [3H]uridine incorporation
cpm/mg protein
SD 191610 232153
N=6
NAR 260 107° 268625°
N = 6
HN 218350 272842°
N = 6
Values are means SD. A three hour incorporation of 2 pCi [3H]
thymidine or I MCi [3H] uridine in each well was measured in the
presence of 10% NAR, HN or normal SD serum.
a P < 0.001 vs. SD control
from these two groups of animals is the consequence of the
reduced level of an inhibitory substance found in normal rat
serum, since mixing serum from normal animals with that from
either HN or HA did not mitigate the stimulatory effect. This
observation suggests that a factor or group of factors are
present in the serum of both HN and HA which stimulates
albumin synthesis by H4 cells and which is either not present or
present in lesser amounts in serum from normal rats.
The mechanism whereby altered plasma IT or composition
affects hepatic protein synthesis is not known; it has been
assumed that the effect of altered plasma composition is trans-
mitted directly to the hepatocyte. Indeed, Mathews [4] and
Rothschild et al [24] hypothesized that hepatic interstitial IT
rather than plasma IT regulated the rate of albumin synthesis in
all situations. Our current study is consistent with a hypothesis
that the effect of reduced ir on the hepatocyte is indirect and
mediated by a factor(s) in plasma. The observation that adding
rat albumin to NAR or HN serum cannot block the stimulatory
activity further suggests that the effect is not directly related
either to the albumin concentration or the ir of the medium in
direct contact with the hepatocyte. Clearly, regulation of albu-
min synthesis is not mediated by its concentration in the
medium in direct contact with the hepatocyte.
In the nephrotic syndrome and in NAR the rate of hepatic
synthesis of a cohort of proteins is increased, much like what
occurs with acute phase reactant proteins. The response differs
in many ways from the acute phase response. The synthesis of
both albumin and apo A-I, two negative acute-phase reactant
proteins, is increased rather than decreased. Synthesis of
albumin, a negative acute-phase protein, and fibrinogen [25], a
positive acute phase protein [11], are positively correlated.
Lymphokines that augment the acute phase response [10, 11]
suppress synthesis of albumin [121. The similarities are: that
synthesis of a group of proteins is increased, that increase of a
group of these proteins is mediated transcriptionally, and in
vivo synthesis rates of these proteins tend to correlate with one
another [251. None of these observations proves that increased
synthesis of this group of proteins are in any way causally
linked, but they are suggestive of a linkage. We now present
evidence that synthesis of two of these proteins, albumin and
trartsferrin, is increased by contact of hepatocytes with a factor
found in the serum in organisms that have a reduced level of
plasma albumin and IT. This suggests that a factor in plasma
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may play a role in triggering the hepatic response to reduced
plasma albumin concentration or IT or to whatever will be
eventually identified as the vehicle that regulates basal albumin
synthesis.
Hepatic enlargement occurs both in the nephrotic syndrome
and in analbuminemia. In the first case the mechanism is by
hepatic hypertrophy [25] and we have now shown that hepatic
enlargement in NAR is a consequence of hyperplasia. It is not
known why liver mass increased by different mechanisms in
these two instances. That NAR serum stimulates DNA and
RNA synthesis in H4 cells may be unrelated to increased
synthesis of albumin and transferrin. The observation that
RNA, but not DNA synthesis, is stimulated by serum from HN
suggests that increased DNA synthesis stimulated by NAR
serum is a phenomenon that is separate from regulation of
albumin synthesis. Serum also contains many factors, including
growth factors, lymphokines, and hormones. To further estab-
lish the physiologic link between reduced albumin concentra-
tion and/or ir and both albumin synthesis and hepatic hypertro-
phy/hyperplasia, the specific factor(s) responsible for these
changes in liver structure and function will need to be identified.
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